Introduction {#sec1}
============

International tourist arrivals reached 1.3 billion in 2017 and are expected to exceed 1.6 billion by 2020.[@ref1] The spread of infections such as Zika virus and Middle East respiratory syndrome coronavirus and the importation of yellow fever (YF) and drug-resistant typhoid into non-endemic countries have shown how travel can facilitate the global spread of previously geographically confined infections.[@ref2] Recently, travel-associated outbreaks of measles have also significantly increased.[@ref6] Consultation with a health care provider prior to travel can help reduce the risk of travel-related illness and mitigate the spread of infectious diseases.

Immunizations are a key component of the pre-travel health consultation. The pre-travel consult provides an opportunity to update routine immunizations as well as vaccinate against infections that are endemic in the traveller's destinations. Hepatitis A and typhoid are the most commonly administered travel vaccines.[@ref9]^,^[@ref10] However, the uptake of vaccines with multi-dose schedules such as rabies and Japanese encephalitis (JE) is low for a variety of reasons, including travellers' lack of concern regarding these rare infections, cost and insufficient time for vaccination before departure.[@ref11]

The US Centers for Disease Control and Prevention (CDC) and the World Health Organization (WHO) recommend that international travellers have a pre-travel health consultation at least 4--6 weeks before departure.[@ref14]^,^[@ref15] This time frame allows travellers to receive appropriate pre-travel health care, including vaccines that may require a series of administrations. Previous studies have shown that travellers present to specialized travel clinics for health advice a median of 3--4 weeks before departure.^9,10,^ However, up to one-fourth of travellers present 2 weeks or fewer from the time of departure, including some who receive consultations on the day of departure.[@ref16]

'Last-minute' travellers (LMTs) (defined by WHO as travellers whose departure is 2 weeks or less from the time of consultation[@ref15]) may be at increased risk of travel-associated infections because of insufficient time to complete recommended vaccinations or to start prophylactic medications before departure. This study analyses the demographics, travel characteristics and vaccine utilization of LMTs presenting to Global TravEpiNet (GTEN), a network of US clinical practices that provide pre-travel health care. To our knowledge, this is the first study to analyse a large group of LMTs. A better understanding of LMTs may help travel medicine providers to develop improved strategies to decrease the number of LMTs and potentially reduce travel-related morbidity.

Methods {#sec2}
=======

GTEN is a CDC-sponsored consortium of clinical practices that provide pre-travel health care. It is composed of academic practices, health care consortia, health maintenance organizations and pharmacy-based and public health clinics that are distributed across the USA.[@ref10] Data collected at 25 GTEN sites between January 2009 and December 2015 were analysed. An institutional review board at each participating site approved the study or exempted it from review.

For our analysis, we defined an LMT as a traveller who had a pre-travel consult 7 days or fewer before departure. We chose this definition instead of the WHO definition because most single vaccines take at least 7 days for the development of immunity, so these travellers, if vaccinated, would be at risk of acquiring vaccine-preventable infections early in their trip. In addition, vaccines with administrative requirements such as YF or meningococcal vaccination (for the Hajj) should be given at least 10 days prior to arrival,[@ref15]^,^[@ref17] and travellers receiving these vaccines a week or less before arrival would not be in compliance with these regulations.

For each pre-travel consultation, travellers provided information regarding their itinerary, reason for travel, reason for seeking pre-travel health care and medical history via a secure online tool. Travellers were able to select more than one purpose of travel. Travellers were classified as visiting friends and relatives (VFR) if they were returning to their country of origin and were visiting a low or low--middle-income country. If business was listed as a reason for travel, it was considered the primary purpose of travel. If a traveller selected leisure in addition to another reason for travel, then the second reason was considered the main purpose of travel.

Clinicians confirmed all traveller-provided information and entered data on immunization history, immunizations administered, medications prescribed and advice given. Clinicians were asked to consider rabies vaccine for all travellers to rabies-endemic high-risk countries[@ref12] and to consider JE vaccine for travellers visiting a country deemed endemic by CDC.[@ref14] If a vaccine was not administered, the clinician gave a reason why \[vaccine not indicated, pre-existing immunity (based on positive serology, vaccination history or if the clinician determined the traveller was immune based on past illness), medical contraindication, insufficient time (either inadequate time to complete a vaccination series before departure or late vaccination would not provide protection during the trip), patient declined, vaccine not available or referred to another provider\]. If a vaccine was not indicated, if it was contraindicated or if the traveller had pre-existing immunity, then the vaccine was excluded from the analysis of vaccinations deferred because of insufficient time.

Statistical analysis {#sec3}
====================

Summary statistics (proportions and medians) were obtained for all variables of interest. Difference in the (continuous) age distribution between the two groups was tested using the non-parametric Wilcoxon rank sum test. Generalized linear mixed models were used to assess the significance of group differences in the distribution of categorical variables accounting for the clustering of patients within sites. A two-sided *P* value of \<0.05 was considered significant. All analyses were conducted in SAS 9.4 (SAS Institute Inc., Cary, NC, USA.)

Results {#sec4}
=======

Of the 76 281 GTEN travellers in the study period, 12 494 (16%) met our definition of an LMT ([Table 1](#TB1){ref-type="table"}). More LMTs than non-LMTs travelled for business (26% vs 16%; *P* \< 0.0001) or to VFRs (15% vs 8%; *P* \< 0.0001). More LMTs travelled for 29 or more days (27% vs 21%; *P* \< 0.0001) and travelled exclusively to urban destinations (40% vs 29%; *P* \< 0.0001) compared to their non-LMT counterparts.

###### 

Demographic and travel characteristics of LMTs vs non-LMTs[^1^](#tblfn1){ref-type="table-fn"}

  **Characteristics**                                        **Non-LMT**   **LMT**       ***P* value** ^2^
  ---------------------------------------------------------- ------------- ------------- -------------------
  **Age (median)**                                           35 (24--54)   34 (24--49)   **\<0.0001**
  ** Categories**                                                                        **\<0.0001**
  \<5 years old                                              1747 (3)      652 (5)       
  5--19                                                      7849 (12)     1411 (11)     
  20--24                                                     6748 (11)     1198 (10)     
  25--44                                                     23 692 (37)   5271 (42)     
  45--64                                                     17 329 (27)   3176 (25)     
  65--74                                                     5310 (8)      660 (5)       
  ≥75                                                        1112 (2)      126 (1)       
  **Gender**                                                                             **\<0.0001**
   Female                                                    35 919 (56)   6390 (51)     
   Male                                                      27 868 (44)   6104 (49)     
  **Duration of travel**                                                                 **\<0.0001**
   \<29 days                                                 50 470 (79)   9098 (73)     
   ≥29 days                                                  13 273 (21)   3382 (27)     
  **Reason for travel[^3^](#tblfn3){ref-type="table-fn"}**                               
   Leisure                                                   31 997 (50)   4519 (36)     **\<0.0001**
   Business                                                  9927 (16)     3278 (26)     **\<0.0001**
   VFR                                                       4960 (8)      1834 (15)     **\<0.0001**
   Other                                                     15 044 (24)   2071 (17)     **\<0.0001**
  **Geographic destination type**                                                        **\<0.0001**
   Urban only                                                18 260 (29)   4973 (40)     
   Rural only                                                6785 (11)     921 (7)       
   Both                                                      38 714 (61)   6594 (53)     
  **Reason for clinic visit^4^**                                                         
   Referred by PCP                                           12 345 (21)   2207 (19)     **\<0.0001**
   Information on internet                                   7275 (12)     1315 (11)     0.20
   Referred by travel agent                                  3497 (6)      396 (3)       **\<0.0001**
   Referred by employer                                      5838 (10)     1738 (15)     **\<0.0001**
   Family recommended                                        10 178 (17)   1792 (15)     **0.01**
   Public health announcement                                542 (1)       119 (1)       0.09
   Concerned about health issues                             24 142 (41)   4696 (40)     **\<0.0001**

^1^Numbers might not add to total because some values are missing.

^2^Obtained for categorical variables from generalized mixed models accounting for clustering of patients within sites. Difference in the distribution of age between the groups was obtained from the non-parametric Wilcoxon rank sum test.

^3^Reflects hierarchical characterization: if purpose included 'Business' then categorized as 'Business'. If not, then if purpose included 'VFR' (based on United Nations Human Development Index definition) then categorized as 'VFR' travellers. If not, if purpose included 'Leisure' then considered as 'Leisure'. If not, then considered as 'Other' travellers.

^4^Could answer more than one reason. Abbreviations: VFR, visiting friends and relatives; PCP, primary care provider.

Only 17 of 12 494 (0.1%) LMTs in the study had pre-existing immunity to all indicated vaccines (including routine and travel-specific vaccines such as typhoid, YF, JE and rabies). Of the remaining 12 477 LMTs, 2 278 (18%) had at least one travel vaccine deferred because of insufficient time. Among non-LMTs, 43 of 63 787 (0.1%) had pre-existing immunity to all recommended vaccines, and 4114 (6.5%) of the remaining 63 74 non-LMTs had at least one vaccine deferred because of insufficient time. Travel vaccinations that were deferred due to insufficient time are shown in [Table 2](#TB2){ref-type="table"}. Not unexpectedly, the number of travellers who did not receive a travel vaccine because of insufficient time was greatest for vaccines that required a series to complete. JE vaccine was indicated for 1004 LMTs. Of these, 526 (52%) did not receive the JE vaccine because of insufficient time to complete the series before departure, and 151 (15%) received one dose. Rabies vaccine was considered indicated for 5579 LMTs. Data on reasons for not administering rabies vaccine were collected beginning in 2012 and were available for 3458 LMTs. Of these, 1411 (41%) did not receive the rabies vaccine because of insufficient time to complete the series before departure, and 151 (4%) received a single dose.

###### 

Vaccinations deferred due to insufficient time

                **LMTs**   **Non-LMTs**            
  ------------- ---------- -------------- -------- ------------
  Hepatitis A   6784       66 (1%)        35 523   190 (1%)
  Hepatitis B   3314       482 (15%)      14 667   1144 (8%)
  Influenza     5962       57 (1%)        28 068   85 (\<1%)
  Typhoid       10 185     263 (3%)       52 778   38 (\<1%)
  Rabies        3458       1411 (41%)     26 207   2433 (9%)
  JE            1005       526 (52%)      4965     1093 (22%)
  YF            3541       13 (\<1%)      18 465   9 (\<1%)

Note: If a vaccine was indicated but the traveller had a contraindication to the vaccine, it was not included in the analysis. Abbreviations: Last minute travellers, LMTs; Japanese encephalitis, JE; yellow fever, YF.

A total of 51% of LMTs and 58% of non-LMTs visiting YF-endemic countries received the YF vaccine. Among those travelling to YF-endemic countries, the most common reason for not receiving the YF vaccine was pre-existing immunity (23% of LMTs and 16% of non-LMTs). Less than 1% of both LMTs and non-LMTs travelling to YF countries did not receive the YF vaccine because of insufficient time.

The most common destination countries for both LMTs and non-LMTs were India, Thailand, South Africa, China and Kenya. Within the subgroup of VFR travellers, the most visited countries were India, Ghana, Nigeria, Ethiopia and Guinea for LMTs and India, Ghana, Nigeria, Ethiopia and Vietnam for non-LMTs.

Discussion {#sec5}
==========

In our analysis of a large network of pre-travel clinics in the USA, we found that 16% of international travellers sought pre-travel health care within 7 days of departure, and 18% of these LMTs had at least one recommended vaccine deferred because of insufficient time. A higher proportion of LMTs were business and VFR travellers compared to those who had a consultation more than 7 days before travel. Business travellers may need to take unexpected trips that make timely pre-travel consultation difficult, and VFRs may seek care at the last minute for a variety of reasons including family emergencies.[@ref18]

Although the majority of travellers were able to receive at least one recommended travel vaccine, nearly one in five LMTs had a vaccine deferred because they presented for consultation too close to departure, leaving them vulnerable to vaccine-preventable infections. This was especially true for high-consequence infections with high morbidity or mortality, such as JE and rabies---over half of LMTs for whom JE vaccination was indicated and 41% of LMTs for whom rabies vaccination was indicated did not receive the respective vaccination series because of insufficient time. In this study, many LMTs received a single vaccination against JE or rabies. Single-dose vaccination for a multi-administration vaccine may be adequate for boosting pre-existing immune responses but is not recommended for primary immunization. It is not known whether the single doses of JE or rabies were the initial vaccine of a series that would be completed after return or were intended to complete an incomplete series. For frequent travellers, the cumulative lifetime risk of exposure to infections such as JE and rabies should be considered and may warrant commencing a vaccine series (to be completed upon return) even if it does not provide protection for the immediate trip.[@ref19]

Our findings highlight that LMTs would be an appropriate target group for increased consideration of accelerated vaccination series.[@ref20] In 2018 the US Food and Drug Administration (FDA) approved an accelerated 7-day primary immunization series for the inactivated JE vaccine (Ixiaro).[@ref23] In addition, a two-dose series of intradermal rabies vaccination given over 7 days was found to be non-inferior to the traditional three-dose intramuscular vaccination given over 3 or 4 weeks,[@ref24] and 2018 WHO guidelines for rabies pre-exposure prophylaxis now include accelerated vaccination regimens with two doses given at Days 0 and 7.[@ref25] However, the accelerated rabies schedule is not FDA approved in the USA and has not yet been endorsed by the CDC, which may limit its use in the USA.

One-half of all LMTs travelling to YF-endemic countries received the YF vaccine, while \<1% of both LMTs and non-LMTs had the YF vaccine deferred due to insufficient time. This low percentage of deferred vaccination is likely because the YF vaccine is a single-dose vaccine and may have also been required for entry at the destination country. Among GTEN travellers, three of the five most frequently visited countries for VFR LMTs were holoendemic for YF (Ghana, Nigeria and Guinea) so some of these LMTs may not have had immunity by the time they arrived at their destination. Notably, late vaccination was found to be associated with YF infection in some Chinese workers who acquired YF in Angola.[@ref26] If YF vaccination was a country entry requirement, the traveller may not have been in compliance with the WHO International Health Regulations, thereby putting the traveller at risk of refused entry or quarantine. Late vaccination against YF would also mean that serious adverse vaccine reactions such as YF vaccine-associated neurotropic and viscerotropic disease may not present until after the traveller arrived at his or her destination, where accessing medical care may be more challenging than in the traveller's home country.

Overall, LMTs travelled longer than non-LMTs in our study. This finding appears to be largely due to the higher proportion of VFRs among LMTs, since VFRs have been shown to travel longer than other types of travellers.[@ref27]^,^[@ref28] This observation is a concern because the risk of infections increases with travel duration, and LMTs may not be optimally prepared if they fail to complete travel vaccine series. The greater proportion of LMTs travelling exclusively to urban areas is likely a reflection of the fact that VFR and business travellers are more likely to visit urban rather than rural areas.[@ref29]^,^[@ref30]

Although 18% of GTEN travellers were unable to receive a travel vaccine due to time constraints, many LMTs received at least one recommended travel vaccine, thus demonstrating that travellers still benefit from a late pre-travel consultation. Vaccination series that provide long-term protection can also be started and completed upon return if the anticipated lifetime risk of exposure is sufficiently high. A consult close to departure also provides opportunities to discuss risk-reduction measures such as the use of mosquito repellents, avoiding animals and the need to urgently seek post-exposure prophylaxis for potential rabies exposures. This information is especially relevant for travellers to rabies- or JE-endemic areas who could not be vaccinated against these infections before departure.

Clinicians, public health practitioners and employers should collaborate to improve timely pre-travel health preparation of business travellers. Airline reservations for US business travellers are made a median of 24 days before departure, and 40% are made by corporate travel agents.[@ref31] Because of this short time and process for pre-travel preparation, it may be useful for employers to encourage routine (e.g. semiannual) pre-travel consultations for employees who travel internationally. Employers could also require those in charge with arranging business travel to schedule a pre-travel clinic appointment at the time travel plans are made.

International business travellers often make multiple trips within one or more years, and the number of trips has been found to be associated with serious health problems requiring hospitalization or evacuation in business travellers.[@ref32] In addition, a cost--benefit analysis of JE vaccination for business travellers concluded that the benefits of vaccination outweigh the costs when multiple trips to endemic areas are planned.[@ref33] Therefore, the cumulative risk of vaccine-preventable disease exposure should be factored in the risk assessment.[@ref19] The potential for disruption of the business trip due to illness or the need to emergently seek rabies post-exposure prophylaxis should also be considered.

Travellers visiting friends and relatives (VFRs) could also benefit from strategies to help improve the timing of their pre-travel consultations. Primary care providers are the most common source of pre-travel health advice for VFRs,[@ref34]^,^[@ref35] so providing them with resources (e.g. Pre-Travel Providers\' Rapid Evaluation Portal (PREP), a free Web-based tool based on CDC travel guidelines; <https://gten.travel/prep/prep>) to help them deliver pre-travel health advice may improve the timely preparation of VFRs. For practices that care for large immigrant or migrant populations, including a routine screening question such as 'Do you plan on traveling out of the country within the next 6 months?' at each visit may identify early on those who could benefit from a pre-travel consultation.[@ref36] It should be noted that VFRs are not a homogenous group, and their pre-travel health needs may differ based on their countries of origin,[@ref37] so approaches to improve their pre-travel care may also vary accordingly.

GTEN is the largest consortium of pre-travel clinics in the USA. The large number of LMTs in our analysis and the diversity of GTEN practice types are strengths of this study. However, the large sample size leads to small *P* values making small differences significant. Hence, in our results, we have attempted to highlight clinically meaningful differences. Other limitations include the fact that GTEN sites are specialized travel clinics so GTEN travellers may not be representative of all travellers. In addition, travellers were able to select more than one reason for travel, and our purpose of travel hierarchy may have resulted in travellers being categorized as business or VFR travellers even if most of the trip time was spent for leisure.

Although GTEN sites have the capacity to accommodate travellers who request a consultation on short notice, some travellers might have been seen at the last minute because of access issues rather than traveller-dependent factors---i.e. the traveller might have requested an appointment more than 7 days before departure but could not be accommodated until 7 or fewer days. Furthermore, we did not collect information on whether consultations were for new or repeat travellers. Those who had previous pre-travel consults might have delayed seeking health advice because they believed they were already adequately prepared. It is also possible that travellers who had prior consults did not seek an appointment at all because they believed they were sufficiently educated about preventative measures, and this may have biased our study population towards travellers with less exposure to pre-travel health advice. We also did not include analysis of prescription use since the distribution of prescriptions was thought to be less time dependent, except if the traveller would have insufficient time to fill the prescription.

Lastly, we acknowledge that any general definition of an LMT may not be generalizable to all travellers. Some travellers, such as those taking immune-suppressing medications and for whom a live virus vaccine may be indicated, should ideally be seen several months before travel so that there is time to stop immune-modulating medications prior to receiving a live vaccine such as YF.[@ref38] For these travellers, presenting within the generally recommended 4--6 weeks before departure may be considered late because of the inability to receive an indicated vaccine due to time constraints.

In conclusion, LMTs are at risk of acquiring vaccine-preventable diseases if they are unable to receive adequate pre-travel vaccinations, particularly those that require a series to complete. Our findings suggest that business and VFR travellers should particularly be targeted by strategies to improve timely pre-travel health consultation, with the goal of decreasing travel-related infections in the individual traveller as well as in the traveller's home community. Newly approved accelerated vaccination schedules may also be considered.
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